L Number 


Hits 


Search lext 


DB 


Time stamp 




i 
1 


0384664. pn. and invert$4 


l to DAT 

U5>PAI 


^AA^/IAMA 

2003/10/30 07.32 


1 A 
14 


A 

u 


6iy49l9.pn. and mvert$4 


USPAT 


*^AA^/lArtA ALII 

2003/10/30 07:33 


13 


1 

1 


oiyiVoy.piL ana invert*S4 


f TOD A T 

UarAl 


<^AA^/1 A MA Al.l^ 

2003/10/30 07:33 


16 


1 

1 


6201 3 75. pn. and invert$4 


f inn a »t* 

USPAT 


2003/10/30 07:34 


1 "7 

17 


0/ 


((current adj mirror) same (differential same amplifier)) same (current 


USPAT 


2003/10/30 07:41 






adj sens$3) 






1 O 

18 


1 A 

10 


(((current adj mirror) same (differential same amplifier)) same (current 


USPAT 


2003/10/30 07:51 






adj sens$3) ) and inverted 






i rt 

19 


10307 


current adj mirror 


EPO; JPO; 


2003/10/30 07:52 








DERWENT; 










EBMJTDB 




20 


15794 


current adj sens$3 


EPO; JPO; 


2003/10/30 07:52 




• 




DERWENT; 










D3M_TDB 




21 


1 88752 


aitterential 


EPO; JPO; 


2003/10/30 07:52 








DERWENT; 










IBMJTDB 






o 


/YriliTPnt »Hi mirror^ nticl frutVf^nt nr?i «pnct'^ nnrl HifVprpntinl^ anH 
^VUJlWjIl oup iLUiiUi J (ULU ^l*UJiCJll CtUJ *>Cil3if J J CULU UillClCJlLltll J OllU 










inverted 


DERWENT; 










IBM TDB 




22 


23 


(current adj mirror) and (current adj sens$3) and differential 


EPO; JPO; 


2003/10/30 07:52 








DERWENT; 










IBM TDB 





Search History 1 0/30/2003 8: 1 8:42 AM Page I 
C:\APPS\east\workspaces\09434992b.\vsp 



Search History Transcript 



httpyAvcstbrs:8002/bin/gate.exe?f=shist&statc=5vt28k.23.15 



WEST Search History 

DATE: Thursday, October 30, 2003 



Set Name Query Hit Count Set Name 

side by side result set 

DB=USPT; PLUR=YES; OP=OR 



L8 


L7 and (330/$.ccls. or 324/$.ccls. or 379/$.ccls.) 


15 


L8 


L7 


14 and L6 


140 


L7 


L6 


11 and 12 andLS 


423 


L6 


L5 


differential adj amplifier 


36648 


L5 


L4 


inverted 


217698 


L4 


L3 


differential 


292538 


L3 


L2 


current adj mirror 


12444 


L2 


LI 


current adj sens$3 


22727 


LI 



END OF SEARCH HISTORY 



1 of I 



10/30/2003 8:50 AM 



United States Patent U9] 

Hugel et aL 




10 



US005886581A 

Patent Number: 
[45] Date of Patent: 



5,886,581 
Mar. 23, 1999 



[54] AUTOMATIC OUTPUT OFFSET CONTROL 
FOR A DC-COUPLED RF AMPLIFIER 

[75] lnvcotors: Ulrich Hugel, Ugard; David J. 

McCormick, Portland, both of Orcg. 

[73] Assignee: Tektronix, Inc., Wilsonville, Oreg. 

[21] Appl. No.: 906,345 
[22] Filed: Aug. 5, 1997 

[51] Int. CI.* ^ H03F 3/08; H03G 3/30 

[52] U.S. CI 330/308; 330/136; 330/285 

[58] Field of Search .. 330/308, 285, 

330/136, 127, 59, 297, 9; 250/214 A, 214 AG 

[56] References Cited 

U.S. PATENT DOCUMENTS 

4,641,378 2/1987 McConnell el aJ 330/59 

4,889,985 12/1989 AIlsop et al 250/214 A 

5,138,274 8/1992 NaJcanUhi ct al 330/136 

5,410,282 4/1995 Larrick et al 330/149 

FOREIGN PATENT DOCUMENTS 

2038127 7/1980 United Kingdom H03F 1/56 



Primary Examiner — Robert Pascal 
Assistant Examiner— Patricia T. Nguyen 
Attorney, Agent, or Firm— William K. Bucher 



[57] 



ABSTRACT 



An automatic output offset control circuit for a DC-coupled 
RF amplified optica 1- to -electrical converter has a phato- 
diode for convening an optical signal to an electrical signal. 
The current from one side of the pholodiode is coupled into 
the input of a bipolar RF amplifier that generates a voltage 
oulpui. The current from the other side of the pbotodiodc is 
sensed for generating a voltage thai is compared with the 
oulpui of the RF amplifier. Any mismatch between the 
sensed current and the RF amplifier generates an error signal 
that is used to control the DC bias supplies of the RF 
amplifier The DC bias supplies arc adjusted in unison to 
produce the correct offset at the amplifier output for the 
given photodiode current while maintaining a constant 
AC-gain. The circuit automatically corrects for the 
DC-coupled output offset drift and variations of the RF 
bipolar amplifier. The circuit may be implemented using 
either voltage or current signals to the feedback circuit. 

42 Claims, 4 Drawing Sheets 
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AUTOMATIC OUTPUT OFFSET CONTROL 
FOR A DC-COUPLED RF AMPLIFIER 

BACKGROUND OF THE INVENTION 

The present invention relates generally to offset controls 
for amplifiers and more specifically to ao automatic output 
offset control for a DC-coupled RF amplifier for use in an 
optic a 1-to -electrical converter. 

Optical-to-electrical (O/E) converters are used for con- 
verting an optical signal into an electrical signal, such as the 
optical transport signals used in the telecommunications 
industry. These optical transport signals have bit-rates rang- 
ing from 51.840 Mb/s for OC-1 to 2488.320 Mb/s for 
OC-45. To accurately convert such high bit-rate optical 
signals, O/E converters need to have a wide bandwidth with 
no DC offset. The bandwidth of an O/E converter for an 
OC-45bit-ratc is in the range of 2 GHz referenced to a fourth 
order Bessel -Thompson response at the 3 db point. High 
frequency amplifiers are used in such O/E converters in 
which the amplifier output is DC-coupled. Generally, high 
frequency RF amplifiers are AC coupled with a blocking 
capacitor on the output and a bias voltage in the range of 5 
volts. DC coupling is needed for O/E converters for accurate 
measurements of the optical signal. DC offset and other 
no n- ideal characteristics of the amplifier in the O/E con- 
verter affect the steady-state voltage level following fast 
rising and filling incident optical edges which degrades the 
performance for extinction ratio measurements, absolute 
optica] power measurements, and the like. 

Previous O/E converters, such as the P6701A and the 
P6703AOplo-Electramc converters, manufactured and sold 
by Tektronix, Inc., the assignees of the present invention, 
overcame the DC offset and temperature drift problem by 
providing a current feedback to the input of a traosimped- 
ance amplifier. The P6701 A/P6703A include a photodiode 
for converting the optical signal into an electrical current. 
The anode current is coupled into the input of a high 
frequency transimpedance amplifier whose output is a volt- 
age representative of the optical signal. The cathode current 
from the photodiode is sensed and converted to a voltage by 
a precision low frequency amplifier and compared with the 
output voltage of the transimpedance amplifier. An error 
signal is generated based on the difference between these 
voltages, which is integrated and used to generate a current 
that is fedback and added to the current from the photodiode 
at the input of the amplifier to mimic the DC offset at the 
output of the amplifier. The feedback current is automati- 
cally adjusted until the voltage error is zero. The sign of the 
feedback current is positive or negative depending on the 
sign of the offset at the output. 

Picometrics, Inc., Ann Arbor, Michigan, manufactures 
and sells a family of op ticaMo -electrical converters having 
a photodiode for converting an optical input signal into a 
corresponding electrical current. The current signal is 
coupled to a high frequency amplifier for generating a 
voltage signal representative of the optical input signal. A 
variable resistor is provided for adjusting the bias voltage on 
the amplifier to set the output to ground at a particular 
current input to the amplifier and at a particular temperature. 
One drawback to this open loop system is that temperature 
varies the DC offset and other nonlinearities of the amplifier 
causing degradation of various measurements. 

What is needed is an optic aj-to-elcctrical converter having 
a closed loop system for controlling DC offset and other 
nonlinearities on the output of a DC-coupled RF amplifier. 
The automatic output offset control circuit needs to vary the 
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bias voltages on the RF amplifier as the temperature and 
operating parameters of the optical-to-clectrical converter 
vary over time to minimize the DC offset and other nonlin- 
earities of the amplifier. 

5 SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to an auto- 
matic output offset control circuit for a DC-coupled RF 
amplified optical-io-electrical converter having a current 

]0 source for generating a current output, such as an optical 
transducer for generating a current from an optical power 
source. In the preferred embodiment of the present invention 
the optical transducer is implemented as a PIN photodiode. 
An amplifier is coupled to receive the current output from 

15 one side of the current source for generating a first signal 
output representative of the current output. In the preferred 
embodiment of the present invention, the amplifier is a 
bipolar Darlington RF analog amplifier. Means are coupled 
to the other side of the current source for sensing the current 

20 of the current source and generating a second signal pro- 
portional to the current source current. Means are provided 
for comparing the first and second signals for generating an 
error signal representative of any mismatch between the first 
and second signals. A voltage control circuit is coupled to 

25 receive the error signal for generating power supply bias 
output voltages to the amplifier to correct DC-coupled offset 
drift and variations at the output of the amplifier. 

The current sensing means may be implemented as a 
sensing resistor coupled to sense the current of the current 

30 source and a differential amplifier having a first input 
coupled to one side of the resistor and a second input 
coupled to the other side of the resistor for generating a 
voltage output representative of the current passing through 
the resistor. An alternative implementation of the current 

35 sensing means includes an operational amplifier connected 
as a transimpedance amplifier having an inverting input 
coupled to the current source and one side of a feedback 
resistor that has its other side coupled to the output of the 
amplifier. The non-inverting input to the operational amp 11- 

40 fier is coupled to a reference voltage with the operational 
amplifier generating a voltage output representative of the 
current passing through the resistor and the voltage refer- 
ence. The voltage reference is subtracted from the voltage 
output of the operational amplifier by a subtracting circuit 

45 for generating a voltage representative of the current passing 
through the resistor. In the preferred embodiment of the 
present invention, the current source current is sensed by a 
current mirror implemented with an operational amplifier 
and a FET. The operational amplifier functioning as a 

50 differential amplifier having a first input is coupled to a 
voltage source and a second input is coupled to receive a 
voltage signal representative of the sensed current of the 
current source for generating a voltage output representative 
of the current passing through the resistor. Hie voltage 

55 output controls the gate of the FET operating as a voltage- 
lo- current converter for producing a current minor having 
an output equal to the current output of the current source. 
The current mirror may also be implemented with an appro* 
priate connection of transistors, such as a Wilson current 

60 mirror or the like. 

The comparing means is implemented in the preferred 
embodiment as a current summing node or common node 
coupled to the input of a transimpedance amplifier for 
generating the error signal. Alternatively, the comparing 

65 means may be implemented as a voltage summing node 
coupled to the input of a voltage amplifier for generating the 
error signal. 
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The voltage control circuit includes an integrating law plexer far generating digital values representative of the first 

pass filter receiving the error signal from the comparing and second signal and a controller operating under program 

means for generating a control voltage correction signal control, as previously described, generates the control signal 

coupled to a voltage regulator for generating the power f Qr selectively coupling the first and second signals to the 

supply bias voltages proportional to the control voltage. In s analog-to-digital converter and receives the digital values 

the preferred embodiment of the present invention the representative of the first and second signals. The controller 

voltage regulator includes a first voltage regulator circuit n^ns mese digital values for generating digital error 

receiving the control voltage from the integrating low pass va]uK represenli(ive of iay mismltch ^tnta the first and 

filter for generaUog a negaUve power supply bias voltage ^ jtal va , UM ^ implemented automatic 

proportional o the control voltage. A second voltage regu- m ^ conlf0 , fof g DC<oupled RF ^ ^ 

lator >s coupled to receive the negative power supply b.as ^ ^ anjl multi lexef for ^ ^e fil5l 

voltage through a var^blere^or for generaung a posiuve ^ ^ b to ^ ^ ronverter ^ te 

power »PPly bias voltage wherein the variable resmtor is ^ lemen|ed ^ ^ ^.^^ for wn . 

adjusted to produce a nom.nd difference between the nega- verl ; ^ d; £rrQr va , ues from ^ conlroller lQ ^ 

live power supply bus voltage and the positive power „ aM j cmt d , Qr ^ ^ rformin ^ 

voK 1 " 5 c? Pref " 4bly ,D ^ ""^ ° f ,b0,lt 1 10 integrating low pass filter function for generating the control 

voltage correction values coupled to the voltage regulator 

In an alternative embodiment of the voltage regulator, a fof gcncralin g mc powcr bias volta pr0 p 0rtional 

first transistor receives the control voltage signal from the to mc control values. 

integrating low pass filter for driving the transistor base for - n . , * 

generating a negative power supply bias voltage. A second " . ^ <*>> K *> «* fe . 1,ur " ° ,*« Present 

transistor generates a positive power supply bits volUge. A nveD 4. on we ^ & °™ lhe . f ? 11 ? w,D 8 d ^ 

comparator receives at one input a summed average value of "J?" ; h . en . rM< ! ,n «">J u b«™ *«* weeded claims and 

the inverted negative power supply bias voltage output and c * awings. 

the positive power supply bias voltage output and at the ^ BRIEF DESCRIPTION OF THE DRAWINGS 

other input a reference voltage for generating an output for 

driving the second transistor base to produce a difference FIG. 1 is a representative block diagram of the automatic 

between the negative power supply bias voltage and the output offset control circuit for a DC-coupled RF amplifier 

positive power supply bias voltage that is equivalent to twice optical-to-electrical converter according to the present 

the reference voltage on the comparator. x invention. 

The automatic output offset control circuit for a FIG. 2 is one embodiment of a current sensing circuit for 

DC-coupled RF amplified optical -to-electrical converter use in the automatic output onset control circuit for a 

may also be digitally implemented. In the broadest aspect of DC-coup] cd RF amplifier optical -lo- electrical converter 

the digital implementation, digitization can start with the according to the present invention, 

generating means where the current source is sensed and end 35 FIG. 3 is another embodiment of a current sensing circuit 

with the generation of control voltage correction values lo for use in the automatic output offset control circuit for a 

the voltage regulator. Hie output of the amplifier would also DC-coupled RF amplifier optical-to-clectrical converter 

be digitized to produce digital values that would be com- according to the present invention 

pared with the -digital values from the current sensing means. F{Q 4 fa a nUdvc ^ of ^ 

In one uijpkmentat^ 40 automatic output offset control circuit for a DC-coupled RF 

is coupled to receive the first signal for generating digital lificr optical . to _ dcctrical C00V6rlcr acro rf mg ' to mc 

values representative of the first signal and a second analog- present invention, 

to-digital converter is coupled to receive the second signal ' A A . . J 

for generating digital values representative of the second * lG - 5 » *™P™cn\*Uvt schematic drawing of an alter- 
signal. A controller operating under program control 45 

receives the digital values represcntadve of the first and 0U ? u f^et control circuit for a DC-coupled RF amplifier 

second signals Ind compares these digital values for gener- ^ 1C ^ 1 °- elcctncal converler aocordul S 10 lhc P res&nt 

ating digital error values representative of any mismatch mV€n on * 

between the first and second digital values. The controller FIG * * representative block diagram of a first digital 
further includes a digital memory for storing the program 50 implementation of the automatic output offset control circuit 
controls and the first and second digital values and the digital for a DC-coupled RF amplifier opucal-to-electrical con- 
error values. Tn one embodiment of the digital verier according to the present invcnUon. 
implementation, the comparing means further includes a FIG. 7 is representative block diagram of a second digital 
digital-to-analog converter coupled to receive the digital implementation of the automatic output offset control circuit 
error values for generating the error signal. In an alternative 55 tor a DC-coupled RF amplifier oplical-to-electrical con- 
embodiment, the controller implements an integrating low verier according to the present invention, 
pass filter function for generating control voltage correction 

values coupled to the voltage regulator for generating the DETAILED DESCRIPTION OF THE 
power supply bias voltages proportional to the control PREFERRED EMBODIMENT 
values. , , . 60 The automatic output offset control for a DC-coupled RF 
In another embodiment of the digitally implemented amplifier of the present invention is a closed loop system for 
automatic output offset control circuit for a DC-coupled RF controlling DC offset and other nonlinc antics on the output 
amplified optical-to-clectrical converter the first and second of a DC-coupled RF amplifier, such as used in an optical- 
signals are coupled to the input of a multiplexer having an to-electrical converter. The automatic output offset control 
output coupled to selectively receive ihe first and second 65 circuit varies ibe bias voltages on the RF amplifier as the 
signal in response to a control signal. An analog-to-digital temperature and operating parameters of the optical-to- 
converter is coupled to receive the output from the multi- electrical converter vary over lime to minimize the DC offset 



10/30/2003, EAST Version: 1.4.1 



5,886,581 

5 6 

and other nonlincaritics of the amplifier. The automatic amplifier 46. Current l t is drawn from the output to the 

output offset control circuit of the present invention uses inverting input of the amplifier 46 through resistor 48. The 

both si$cs of a current source to generate first and second voltage output of the amplifier is equal to (I^xR) tV,^ In 

signals that are summed to produce an error signal for mis embodiment, a subtracting circuit is provided to remove 

controlling the bias voltages on the amplifier. The preferred 5 the V w y. voltage from the output signal for producing a 

embodiment of the present invention is implemented using voltage representative of the current flowing through the 

analog circuitry but may also be implemented using digit current source. In an implementation of the present inven- 

circuitry as will be described below. Further, the closed loop tfon where voltage signal are used, the voltage outputs of the 

system of preferred embodiment will be described in terms current sensing means 22 and the buffer amplifier 16 are 

of current signals but may be equally implemented using l0 coupled to a voltage summing node. In the preferred 

voltage signals as is well known in ihc art. embodiment of the present invention, the current of the 

Referring to FIG. 1, there is shown a representative block current source 12 is sensed by a current mirror implemented 

diagram of the automatic output offset control for a with an operational amplifier and a JFET. The current mirror 

DC-coupled RF amplifier 10 according to the present inven- may also be implemented with an appropriate connection of 

lion. The automatic output offset control 10 includes a l5 transistors, such as a Wilson current mirror or the like, 

current source 12 generating a current I t that is coupled from Referring to FIG. 4, there is shown a schematic repre- 

onesideof the current source 12 to the input of amplifier 14. sentation of the preferred embodiment of the automatic 

The voltage output of amplifier 14 is coupled to a voltage output offset control circuit 10 of the present invention 

buffer circuit 16 functioning as a low pass filter whose implemented with analog circuitry. The current source 12 is 

output is coupled to resistor 18 in comparing means 20. A 20 implemented as an optical transducer generating a current 

current sensing means 22 senses the current \ L on the other output from an optical power source. In the preferred 

side of the current source 12 and generates an output signal embodiment, the optical transducer is a PIN photodiode, 

proportional to the sensed current. The current \ L may be such as manufactured and sold by Picometrics, Inc., Ann 

sensed in a number of different ways to be described in Arbor, Mich., under Part No. D 15. The PIN photodiode 12 

greater detail below, including being sensed by a current 25 receives an optical input signal and generates a linear current 

mirror The output of the current sensing means 22 is signal representative of the power of the optical signal. The 

coupled to the comparing means 20, The comparing means current from one side of the PIN photodiode 12 is coupled 

includes an operational amplifier 24 functioning as a Iran- into the input of RF amplifier 60, such as bipolar Darlington 

simpedance amplifier where the inverting input to the ampli- RF amplifier, manufactured by Hewlett-Packard, Co., Palo 

fier 24 acts as a current summing node for the signal from 30 Alto, Calif., under Part No. INA-10386, a GaAs FET, or the 

the current sensing means 22 and the signal from the like. In the preferred embodiment of the invention, the 

amplifier 14. Any mismatch between the signal from the output of the RF amplifier 60 is coupled via an external 50 

current sensing means 22 and the amplifier 14 produces an ohm coaxial cable 62 to a termination load 63. Other 

error signal on the outpul of transimpedance amplifier 24, termination loads, as represented by resistors 61 and 63, may 

The error signal is coupled to a voltage control circuit 26 that 35 be employed at the output of the RF amplifier 60 without 

includes an operational amplifier functioning as an integral- departing from the scope of the inventions as set forth in the 

ing low pass filter 28 and a voltage regulator 30. The appended claims. In the implementation of the present 

integrating low pass filter 28 generates a control voltage invention, the load resistance of resistor 61 in series with the 

correction signal that is coupled to the voltage regulator 30 external 50 ohm coaxial cable is zero ohms. Tne output of 

for generating power supply bias voltages for the amplifier 40 the RF amplifier 60 is also coupled to a unity gain buffer 

14 lhat arc proportional to the control voltage. The power amplifier 64 acting as a low pass filter. The output of the 

supply bias voltages from the regulator 30 are adjusted in buffer amplifier 64 is applied to a variable resistor 66. The 

unison to produce a zero offset at tbc amplifier 14 output for other side of the resistor 66 is coupled to a common node 68 

a given amount of \ L current while maintaining a constant in the comparing means 20 that receives a current signal 

AC-gain. 45 from the current sensing means 22. The variable resistor 66 

The current sensing means 22 of the present invention is adjusted empirically so lhat the same amount of current is 

may be implemented in a number of ways. The controlling flowing through resistor 66 and into node 68 as is flowing 

characteristic of the various implementations is that all the from FET 74 into node 68, for a given stable average optical 

current going into the current sensing node comes out of the power level input. 

node. In the automatic output offset control circuit 10 of the 50 The current sensing means 22 includes a current sensor 40 

present invention, this means that current sensing means 22 having a differential amplifier 70 coupled to receive a 

on one side of the current source 12 does not remove any of voltage input from a voltage source at one input and a 

the current available for amplifier 14 use. Referring to FIG. voltage signal representative of the sensed current of the PIN 

2, there is shown a first embodiment of a current sensor 40. photodiode 12 at the other input. The voltage source 

A resistor 42 is coupled in scries with the current source 12 55 includes resistor 72 that develops a voltage across it in 

(not shown) with the current l L flowing through the resistor response to current flowing through FET 74. The current of 

42 equaling the current output of the current source 12. One the PIN photodiode 12, which is sensed on the opposite side 

side of the resistor 42 is coupled to one input of a differential of the photodiode from the RF amplifier 60, passes through 

amplifier 44 while the other side of the resistor 42 is coupled a resistor 76 developing a voltage across it. Resistors 72 and 

to the other input of the amplifier 44. The output of the 60 76 have the same resistive values, which in the preferred 

differential amplifier 44 is a voltage representative of the embodiment are 1 KQ. Differential amplifier 70 input rcsis- 

current flowing through the resistor 42. tors 78 and 80 are 10 Kfl in the preferred embodiment. The 

A second embodimcat of the current sensor 40 is shown voltage output of the differential amplifier 70 is integrated 

in FIG. 3. An operational amplifier 46 functioning as a and low pass filtered and coupled to the gate of FET 74 

currenl-to-voltage converter has its non-inverting input 65 acting as a volt age-to -current converter. The resistance of 

coupled to a voltage reference. The feedback resistor 48 is FET 74 decreases as the voltage on the gate increases 

coupled between the output and inverting input of the allowing more current to flow through FET 74 causing more 
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current to Sow through resistor 72 and changing the voltage 
on the input of the differential amplifier 70. Eventually an 
equilibrium is reached where the average current flowing 
through the voltage source resistor 72 is equal to the average 
current flowing through the sensing resistor 76 resulting in 
zero voltage difference at the input of differential amplifier 
70. In effect, the pholodiode 12 current is duplicated in the 
Drain-Source path of the FET 74 via a feedback loop 
comparing the voltage difference between the photodiode 
I-V conversion over a resistor 76 versus the FET drain 
current over the same but separate resistive element 72. In 
this way a one to one current mirror of the average pholo- 
diode current is generated. 

The current signal from the current sensing means 22 and 
the current signal from the RF amplifier 60 are summed at 
common node 68 in the comparing means 20. The common 
node 68 is the virtual ground (inverting) input to operational 
amplifier 82 functioning as a transimpedance amplifier. If 
the current flowing into the common node 68 is not equal to 



between the V and is equivalent to twice a reference 
voltage V^- applied at the non-inverting node of the com- 
parator 90. The V , is developed across a variable resistor 
94. For example, if is 5.0 volts, and V Mg is driven to 

5 -6.8 volts to produce zero error at the current summing node 
68, then is driven to +3.2 volts (-6.8V4(2xV^)). The 
power supply bias voltages V mg and are adjusted in 
unison to produce a zero onset at the amplifier 14 output for 
a given amount of \ L current while maintaining a constant 

io AC-gain. 

A further alternative voltage control circuit 26 according 
to the present invention would keep fixed with respect 
to ground and varying the V power supply bias voltage. 
While this embodiment provides automatic DC offset con- 
]5 trol for the output of the RF amplifier 60, it may vary the 
frequency response of the amplifier, ihe power dissipation of 
the amplifier, and the output voltage. 

In the preferred embodiment of the present invention, low 
pass filters are coupled to the RF amplifier 60 output and to 



the current flowing out of node 68, then a differential voltage 20 the current sensing means 22 output The closed-bop feed- 
relative to ground is generated that produces a buffered error back system is a classic oscillator type system in which the 
signal on the output of amplifier 82. The error signal is feedback system is sensing and feeding-back much slower 
coupled to the input of operational amplifier 64 functioning than the changes at the input. In the preferred embodiment, 
as an integrating low pass filler in voltage control circuit 26. the RF amplifier 60 is operating at 2 GHz and the closed - 
The output of the integrating low pass filler 84 drives a 25 loop feedback system is low pass filtered at 30 Hz by the 
voltage regulator circuit that includes first and second volt- integrating low pass filler 84, The low pass filler on the 
age regulator integrated circuits 85 and "87 and a variable current sensing means 22 is implemented as part of the 
resistor 89. The voltage regulator integrated circuits 85 and differential amplifier 70 and has the same lime constant as 
87 are three terminal IC regulators common in the electronic the low pass filter function of the unity gain buffer amplifier 
industry with each regulator having an input terminal, output 30 64 on the RF amplifier 60 for equalling the time of arrival 
terminal, and adjustment terminal. The control voltage cor- of the current sensing means 22 output with the output from 
rection signal from the integrating low pass filler 84 is the RF amplifier 60, especially in the presence of a signal 
coupled to the adjustment terminal of 1C regulator 85, such bursi. In the preferred embodiment of the present invention, 
as a LM337, that has its input terminal coupled to a -V the operational amplifiers are LT1112 precision operational 
voltage supply. A power supply bias voltage for the RF 35 amplifiers, manufactured and sold by Linear Technology, 
amplifier 60 is generated at the output terminal of regulator Inc., Milpitas, Calif., 

85 that is proportional to the input control voltage from The automatic output offset control circuit for the 

integrating low pass filter 84. The V„, x power supply bias DC-coupled RF amplifier may be equally implemented 

voltage is coupled to the adjustment terminal of I C regulator digitally. In such a digital implementation, digitization of the 

87, such as a LM317, through variable resistor 89. The input 40 current sensing means 22 may be initiated as soon as the 

terminal of regulator 87 is coupled to a +V voltage supply. current \ L is sensed and continues to the generation of the 

A Yp«, P owcr su PPty bias voltage for the RF amplifier 60 is power supply bias voltages V„ g and V In the reprcsen- 

generated at the output terminal of regulator 87 that is set by tative block diagram of FIG. 6 showing a digital impleraen- 

the variable resistor 89. In the preferred embodiment, the tation of the automatic output-offset control circuit for a 

variable resistor is adjusted to produce a nominal difference 45 DC-coupled RF amplifier 10 according to the present 

. L . invention, the first and second signals applied to the com- 
mon node 68 in the analog implementation are digitized. The 
analog output of the current sensing means 22 is coupled to 
the input of analog-to-digital (A/D) converter 100. A/D 100 

50 



receives control signals via control line 102 from a control- 
ler 104 operating under program control from programs 
stored in memory 106 for converting the analog input signal 
into digital values representative of the signal from the 
generating means. The digital values from the A/D 100 are 



between the V„ g power supply bias voltage and the \f 
power supply bias voltage in the range of 10 volts. The Y^ t 
and power supply bias voltages shift in unison with 
respect to ground to minimize the DC offset and other 
nonlinear! ties of the RF amplifier 60 and to maintain overall 
constant differential supply voltages for amplifier 60, 
thereby maintaining relatively constant RF gain through the 
amplifier 60. 

FIG. 5 shows a representative schematic drawing of an 
alternative voltage regulator circuit for controlling the power ss coupled to the controller 104 via digital bus 108. The analog 
supply bias voltages of the RF amplifier 60. The output of output from the RF amplifier 60 is coupled to analog-to- 
me mU?graUng low pass filter drives the base of transistor 86 digital (A/D) converter 110. A/D 110, receiving control 
controlling the V power supply bias voltage for the RF signal via control line U2 from the controller 104 operating 
amplifier 60, The voltage is inverted by buffer opera- under program control, converts the analog input signal 
tional amplifier 88 and coupled to the common node of go from the RF amplifier 60 to digital values representative of 
operation amplifier 90 functioning as a comparator. The the signal from the RF amplifier 60. The digital values from 
output of the comparator 90 drive the base of transistor 92 the A/Ds 100 and 110 may be stored in memory 106 that 
controlling the power supply bias voltage for the RF includes a Read Only Memory (ROM) for storing program 
amplifier 60. The voltage is coupled to the common instructions and a Random Access Memory (RAM) for 
node of the operation amplifier 90 where the average value 65 storing the digital values resulting from the executed pro- 
of the V WI and the is summed at the common node. The grams. The controller 104 under program control compares 
comparator 90 output drives the until the difference the digital values from the current sensing means 22 and the 
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RF amplifier 60 and generates digital error values represen- 
tative of any mismatch between the digital values from the 
two sources. The controller 104 performs an integrating low 
pass filter function on the digital error values in response to 
program controls stored in memory 106 and generates 
control voltage corrcciion values. The control voltage cor- 
rection values arc coupled to a digitally controlled voltage 
regulator in the voltage control circuit 26 for generating the 
power supply bias voltages and to the RF amplifier 
60. 

Hie digital implementation of the automatic output offset 
control circuit for the DC-coupled RF amplifier 10 allows 
for scaling of one or both of the digitized analog signals 
from the current sensing means 22 and the RF amplifier 60. 
In the analog implementation, the gain of the analog signal 
going into the node 68 need to be the same, whereas in the 
digital implementation scaling factors may be applied to one 
or both of the digital values of the analog signal to equalize 
the gain. 

FIG. 7 is an alternative digital implementation of (he 
automatic output offset control circuit for the DC-coupled 
RF amplifier according to the present invention. An analog 
multiplexer 120 receives the analog signals from the RF 
amplifier 60 and the current sensing means 22. Hie analog 
MUX 120 receives control signals from the controller 104 
via control line 122 for selectively coupling the input signals 
to the output of the MUX 120. The output of the MUX 120 
is coupled to the input of analog-to-digital (A/D) converter 
124 that receives control signals from the controller 104 via 
control line 126. The A/D 424 generates digital values 
representative of the analog signals from the current sensing 
means 22 and the RF amplifier 60. The controller 104 under 
program control compares the digital values from the current 
sensing means 22 and the RF amplifier 60 and generates 
digital error values representative of any mismatch between 
the digital values from the two sources. The digital error 
values are coupled to the input of digital-to- analog (D/A) 
converter 12$ that converts the digital error values to a 
corresponding analog error signal in response to control 
signals from the controller 104 via control line 130. The 
error signal is coupled to the integrating low pass filter 84 for 
generating the control voltage correction signal for gener- 
ating the power supply bias voltages on the RF amplifier. 

The above described digital implementations of the 
present invention may be modified to include elements from 
each embodiment. For example, the embodiment of FIG. 6 
may include the D/A converter 128 and the analog integrat- 
ing low pass filter of FIG. 7 instead of the controller 
implemented integrating low pass filter function and the 
digital voltage regulator. Likewise, the implementation of 
FIG. 7 may implement the controller 104 integrating low 
pass filter function and employing a digital voltage regulator 
of FIG. 6. 

An automatic output offset control for a DC-coupled RF 
amplifier 10 has been described having a current source 12, 
such as a PIN photodiode, for generating a current input \ L 
from one side of the current source 12 that drives an 
amplifier 14. The output of the amplifier 14 is coupled to 
common node that receives a second input from a current 
sensing means 22. The current sensing means senses the 
current \ L on the other side of the current source 12 and 
generates a signal representative of the current of the current 
source. Any mismatch between the two signal at the com- 
mon node generates a differential error signal relative to 
ground that is coupled to an integrating low pass filter 84. 
The integrating low pass filter 84 generates a control voltage 
correction signal that is coupled to a voltage regulator for 
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generating power supply bias voltages, V Mg and for the 

RF amplifier 60 that are proportional to the control voltage. 

The V M , X and bias voltages are adjusted in unison to 

produce zero offset at the amplifier 14 output for a given 
5 amount of \ L current while maintaining a constant AC-gain. 

While the disclosure is made in terms of a preferred 

embodiment, the invention is not intended to be so limited. 

These and other aspects of the present invention arc set forth 

in the appended claims, 
to What is claimed is: 

1. An automatic output offset control circuit for a 

DC-coup led RF amplified optical- to-elccti teal converter 

comprising: 

a current source for generating a current output; 
15 an amplifier coupled to receive the current output from 
one side of the current source for generating a first 
signal output representative of the current output; 

means coupled to the other side of the current source for 
sensing the current of the current source and generating 
a second signal proportional to the current passing 
through it; 

means for comparing, the first and second signals for 
generating an error signal representative of any mis- 
25 match between the first and second signals; and 

a voltage control circuit coupled to receive the error signal 
for generating a power supply bias voltage output to the 
amplifier to correct DC-coupled output offset drift and 
variations of the amplifier. 
30 2. The automatic output offset control circuit for a 
DC-coupled RF amplified optical- to-electrical converter as 
recited in claim 1 wherein the current source comprises an 
optical transducer for generating a current from an optical 
power source. 

35 3. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim I wherein the optical transducer comprises 
a PIN photodiode. 

4. The automatic output offset control circuit for a 
40 DC-coupled RF amplified optical- to -electrical converter as 

' recited in claim 1 wherein the amplifier comprises an RF 
bipolar amplifier. 

5. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical convener as 

45 recited in claim 1 wherein the RF bipolar amplifier com- 
prises a bipolar Darlington RF amplifier. 

6. The automatic output offset control circuit for a 
DC-coupled RF amplified optical- to-electrical converter as 
recited in claim 1 wherein the current sensing means corn- 
so prises a sensing resistor coupled to sense the current of the 

current source and a differential amplifier having a 6rst input 
coupled to one side of the resistor and a second input 
coupled to the other side of the resistor for generating a 
voltage output representative of the current passing through 
ss the resistor. 

7. The automatic output offset control circuit for a 
DC-coupled RF amplified oplical-to-electrical converter as 
recited in claim 1 wherein the current sensing means com- 
prises a differential amplifier having a first input coupled to 

so a voltage source and a second input coupled to receive a 
voltage signal representative of the sensed current of the 
current source for generating a voltage output representative 
of the current passing through the resistor. 

8. The automatic output offset control circuit for a 
65 DC-coupled RF amplified optical-to-electrical converter as 

recited in claim 1 wherein the current sensing means com- 
prises: 
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an operational amplifier having an inverting input coupled 
to the current source and a feedback resistor that is 
coupled to the output of the amplifier and a non- 
inverting input coupled to a reference voltage for 
generating a voltage output representative of the cur* 
rent passing through the resistor and the voltage refer- 
ence; and 

means for subtracting the voltage reference from the 
voltage output for generating a voltage representative 
of the current passing through the resistor. 

9. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claims 6, 7, or 8 wherein the current sensing means 
further comprises a voltage-to-current converter receiving 
the voltage output representative of the current passing 
through the resistor for producing a current mirror having an 
output equal to the output of the current source. 

10. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-io-clectrical converter as 
recited in claim 1 wherein the comparing means comprises 
a current summing node coupled to the input of a transim- 
pedance amplifier for generating the error signal. 

U. The automatic output offset control circuit for a 
DC-coupled RF amplified optic al-to -electrical converter as 
recited in claim 1 wherein the comparing means comprises 
a voltage summing node coupled to the input of a voltage 
amplifier for generating the error signal. 

12. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 1 wherein the voltage control circuit com- 
prises an integrating low pass filter receiving the error signal 
from the comparing means for generating a control voltage 
correction signal coupled to a voltage regulator for gener- 
ating the power supply bias output voltages proportional to 
the control voltage. 

13. The automatic output offset control circuit for a 
DC-coupled RF amplified optic al-to -electrical converter as 
recited in claim 12 wherein the voltage regulator comprises: 

a first voltage regulator circuit receiving the control 
voltage from the integrator for generating a negative 
power supply bias voltage proportional to the control 
voltage; and 

a second voltage regulator coupled (o receive the negative 
power supply bias voltage through a variable resistor 
for generating a positive power supply bias voltage 
wherein the variable resistor is adjusted to produce a 
nominal difference between the negative power supply 
bias voltage and the positive power supply bias voltage. 

14. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-clcctrical converter as 
recited in claim 13 wherein the nominal voltage difference 
between the negative power supply bias voltage and the 
positive power supply bias voltage is set in a range of about 
10 volts by the variable resistor. 

15. The automatic output offset control circuit for a 
DC-coupled RF amplified oplical-to-electrical converter as 
recited in claim 12 wherein the voltage regulator comprises: 

a first transistor receiving the control voltage from the 
integrator for driving the transistor base for generating 
a negative power supply bias voltage; 

a second transistor for generating a positive power supply 
bias voltage; and 

a comparator receiving at one input a summed average 
value of the inverted negative power supply bias volt- 
age output and the positive power supply bias voltage 
output and at the other input a reference voltage for 
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generating an output for driving the second transistor 
base to produce a difference between the negative 
power supply bias voltage and the positive power 
supply bias voltage that is equivalent to twice the 
5 reference voltage on the comparator. 

16. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 1 wherein the comparing means comprises: 

a first analog-to-digilal converter coupled to receive the 
10 first signal for generating digital values representative 
of the first signal; 

a second analog-to-digital converter coupled to receive 
the second signal for generating digital values repre- 
sentative of the second signal; 

a controller operating under program control receiving the 
digital values representative of the first and second 
signals for comparing the first and second digital values 
and generating digital error values representative of any 
2Q mismatch between the first and second digital values. 

17. The automatic output ofisel control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 16 wherein the comparing means further 
comprises a digital-to-analog converter coupled to receive 

^ the digital error values for generating the error signal. 

IS. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 16 wherein the controller further comprises 
a digital memory for storing the program controls and the 

x first and second digital values and the digital error values. 

19. The automatic output offset control circuit for a 
DC-coupled RF amplified optical- to-electrical converter as 
recited in claim 16 wherein the controller further comprises 
an integrator for genera ting control voltage correction values 

35 coupled to the voltage regulator for generating the power 
supply bias voltages proportional to the control values. 

20. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 1 wherein the comparing means comprises: 

40 a multiplexer having an input coupled to receive the first 
and second signals and an output coupled to selectively 
receive the first and second signal in response to a 
control signal; 
an analog-to-digital converter coupled to receive the 
45 output from the multiplexer for generating digital val- 
ues representative of the first and second signal; 
a controller operating under program control for gener- 
ating tbe control signal for selectively coupling the first 
and second signals to the analog-to-digital converter 
so and receiving the digital values representative of the 
first and second signals for comparing the first and 
second digital values and generating digital error values 
representative of any mismatch between the first and 
second digital values. 
55 21. The automatic output offset control circuit for a 
DC-coupled RF amplified op ucal- to-electrical converter as 
recited in claim 20 wherein the comparing means further 
comprises a digital -to- analog converter coupled to receive 
the digital error values for generating the error signal. 
60 22. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 20 wherein the controller further comprises 
a digital memory for storing the program controls and the 
first and second digital values and the digital error values. 
65 23. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 20 wherein tbe controller further comprises 
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an integrator for generating control voltage correction values 
coupled to the voltage regulator for generating the power 
supply bias voltages proportional to the control values. 

24. An automatic output offset control circuit for a 
DC-couplcd RF amplified optical-to-electrical converter 
comprising: 

an optical transducer for generating a current output from 

an optical power source; 
a bipolar Darlington RF amplifier coupled to receive the 

current output from one side of the optical transducer 

for generating a voltage output representative of the 

current output; 
means for converting the voltage output signal to a first 

current signal; 
means coupled to the other side of the optical transducer 

for sensing the current of the optical transducer and 

generating a second current signal proportional to the 

current passing through it; 
means for comparing the first and second currcnl signals 

for generating an error signal representative of any 

mismatch in the current signals; and 
a voltage control circuit coupled to receive the error signal 

for generating a power supply bias voltage output to the 

amplifier to correct DC-coupled output offset drift and 

variations of the amplifier. 

25. The automatic output offset control circuit for a 
DC-coupled RF amplified optical -to-elecirical converter as 
recited in claim 24 wherein the optica) transducer comprises 
a PIN photodiode, 

26. The automatic output offset control circuit far a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 24 wherein the current sensing means 
comprises a sensing resistor coupled to sense the current of 
the optical transducer and a differential amplifier having a 
first input coupled to one side of the resistor and a second 
input coupled to the other side of the resistor for generating 
a voltage output representative of the current passing 
through the resistor. 

27. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 24 wherein the current sensing means 
comprises a differential amplifier having a first input 
coupled to a voltage source and a second input coupled to 
receive a voltage signal representative of the sensed current 
of the optical transducer for generating a voltage output 
representative of the current passing through the resistor. 

28. The automatic output offset control circuit for a 
DC-couplcd RF amplified optical-to-clcctrical converter as 
recited in claim 24 wherein the current sensing means 
comprises: 

an operational amplifier having an inverting input coupled 
to the optical transducer and a feedback resistor that is 
coupled to the output of the amplifier and a non- 
invcrting input coupled to a reference voltage for 
generating a voltage output representative of the cur- 
rent passing through the resistor and the voltage refer- 
ence; and 

means for subtracting the voltage reference from the 
voltage output for generating a voltage representative 
of the current passing through the resistor. 

29. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical convener as 
recited in claims 26, 27, or 28 wherein the current sensing 
means further comprises a voltage-to-current converter 
receiving the voltage output representative of the current 
passing through the resistor for producing a current mirror 
having an output equal to the output of the current source. 
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30. The automatic output offset control circuit for a 
DC-couplcd RF amplified optical-to-clcctrical converter as 
recited in claim 24 wherein the comparing means comprises 
a current summing node coupled to the input of a transim- 

5 pedance amplifier for generating the error signal. 

31. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 24 wherein the voltage control circuit 
comprises an integrating low pass filter receiving the error 

10 signal from the comparing means for generating a control 
voltage correction signal coupled to a voltage regulator for 
generating the power supply bias voltages proportional to 
the control voltage. 

32. The automatic output offset control circuit for a 
15 DC-couplcd RF amplified optical-to-electrical converter as 

recited in claim 31 wherein the voltage regulator comprises: 
a first voltage regulator circuit receiving the control 
voltage from the integrator for generating a negative 
power supply bias voltage proportional to the control 
20 . voltage; and 

a second voltage regulator coupled to receive the negative 
power supply bias voltage through a variable resistor 
for generating a positive power supply bias voltage 
wherein the variable resistor is adjusted to produce a 
25 nominal difference between the negative power supply 
bias voltage and the positive power supply bias voltage. 

33. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 32 wherein the nominal voltage difference 

30 between the negative power supply bias voltage and the 
positive power supply bias voltage is set in a range of about 
10 volts by the variable resistor. 

34. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 

35 recited in claim 31 wherein the voltage regulator comprises: 
a first transistor receiving the control voltage from the 
integrator for driving the transistor base for generating 
a negative power supply bias voltage; 
a second transistor for generating a positive power supply 

bias voltage; and 
a comparator receiving at one input a summed average 
value of the inverted negative power supply bias volt- 
age output and the positive power supply bias voltage 

45 output and at the other input a reference voltage for 
generating an output for driving the second transistor 
base to produce a difference between the negative 
power supply bias voltage and the positive power 
supply bias voltage that is equivalent to twice the 

so reference voltage on the comparator. 

35. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 24 wherein the comparing means comprises: 

a first analog-to-digital converter coupled to receive the 
55 first signal for generating digital values representative 
of the first signal; 
a second analog-to-digital converter coupled to receive 
the second signal for generating digital values repre- 
sentative of the second signal; 
60 a controller operating under program control receiving the 
digital values representative of the first and second 
signals for comparing the first and second digital values 
and generating digital error values representative of any 
mismatch between the first and second digital values. 
65 36. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 35 wherein the comparing means further 
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comprises a digital-to-analog converter coupled to receive 
the digital error values for generating the error signal. 

37. The automatic output offset control circuit for a 
DC-coupled RF amplified optical -to-eleclrical converter as 
recited in claim 35 wherein the controller further comprises 5 
a digital memory for storing the program controls and the 
first and second digital values and the digital error values. 

38. The automatic output offset control circuit for a 
DC*couplcd RF amplified optical-to-clectrical converter as 
recited in claim 35 wherein the controller further comprises 10 
an integrating low pass filter function for generating control 
voltage correction values coupled to the voltage regulator 
for generating the power supply bias voltages proportional 

to the control values. 

39. The automatic output offset control circuit for a 15 
DC-coupled RF amplified optical-to-electrical converter as 
recited in claim 24 wherein the comparing means comprises: 

a multiplexer having an input coupled to receive the first 
and second signals and an output coupled to selectively 
receive the first and second signal in response io a 2° 
control signal; 

an analog-to-digital converter coupled to receive the 
output from the multiplexer for generating digital val- 
ues representative of the first and second signal; 

a controller operating under program control for gener- 
ating the control signal for selectively coupling the first 
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and second signals to the analog-to-digital converter 
and receiving the digital values representative of the 
first and second signals for comparing the first and 
second digital values and generating digital error values 
representative of any mismatch between the first and 
second digital values. 

40. The automatic output offset control circuit for a 
DC-coupled RF amplified optical-to-clectrical converter as 
recited in claim 39 wherein the comparing means further 
comprises a digital -to- analog converter coupled to receive 
the digital error values for generating the error signal. 

41. The automatic output offset control circuit for a 
DC-coupled RF amplified optical- to -electrical converter as 
recited in claim 39 wherein the controller further comprises 
a digital memory for storing the program controls and the 
first and second digital values and the digital error values. 

42. The automatic output offset control circuit for a 
DC-coupled RF amplified optical- to-electrical converter as 
recited in claim 39 wherein the controller further comprises 
an integrating low pass fitter function for generating control 
voltage correction values coupled to the voltage regulator 
for generating the power supply bias voltages proportional 
to the control values. 
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